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1 7ZI8 



imm i ] ryx^mumx-h-yx ■. 

( a ) rn.i1-* v^HzWMthXr- -,7b ; 

( b ) -oah^ro-bX^Sri^+ y^mzMAZ 
it&XfvXb ; 

(c) Tyximmji&mmjji'OisX'ini&ztiz 

(d) ^«±tW4«$r«S§-ti:I.Xr'yrt ; 

( e ) mryx-rm^mmimij^mTizmm 

( f ) mryX^MWlZ-enlzTlfZ, Xr 7 7*. 

x/en*, f»*JHiiE»*>m 

[IB*JS3 3 ST5Xvii«^*\ Xfv7 ( e ) |C 

4, if*JSifE«?>m 

»i/2k«i/4«)nrtr**. ii^3iB«o^a. 
a. 

[»wi7] m7yx-?w.mji*mmzitmxT-y 
TV, f^xviim^ 1 ouLhco+ram^u^t 

<0*fi^hjWHBII»OlBlt»SiiT n * , H!*JS 1 IE 

m 

[tf*iH9 3 KX^XvjMBjfcjffiiS-ltiiJEXT'y 

[»*jf 1 0 ] m7yx-?mm.jjimm-£mxT 

■yTtf. -^IknmTv-tXtfXfrtz'JrKKbi*—} 

«*iaifES5o:tr&. 

[fit*! 1 1 ] 4-ft< t i— iffmfixyu-tf, m 

nzh&wm®m<7)imtfxt:'2!A,x'^&. n&mio 
imm 12] «s Liimmimmx-hi . is* 

[f8*JHl33 KBMRtfxtff-h^xbdf^s/^vR 
[fS^JS 1 4 ] -oJjLh^iro-fex^^W 



7 o- £#±$ iir&Xr 7 Xfc LTfrbft 

4, »*ji 1 lEft^a. 

[ft*iai 6 ] ^< t %>-r><nw]x7n-tf^ m 
mziimmmcr>mm*fxz%A,x'^&. mxmi 5 

mm 17] am uzimmmimx-h * , »* 

JSl6IESJ<7)^rj£. 

2>- »*ill 7 IE»t<om 

[ff*lS 1 9 3 -oGLt<0S[ro-fe*;y*#R*i:* 

*stt#x*3St:*/cn^ st**! isies^S;. 

[ff*ifi2 0 ] I^WtSttrffiT'&oT : 

( b ) UftW^t- ?fcLb7>Xo-feX#;*£ffi&-t 
l>XryXt ; 

( c ) X7X-7jS«^ 1 «7J K^X'SDX 6 £ b IZ 
X ^-r>tX±.<r)%Z7u±X$Xfr^7yXv*£.m-h 
Xt v7b ; 

( e ) mryx-?mmmmmi m^^mT^mm 

tlxrvrt ; 

( f ) WcryX-?imhZ*£ul l zT\i%>XTv?k. £ 
*tr» KrlE^S. 

tlf*JS2 1 3 KT9X^J«*^ Xf77 ( e ) 

*WC«»3*va^ 11*112 OESWttrifc. 

[ «*JI 2 2 3 f24>H«7J I^PjWB* 1 W) 
Ofil/2JaTC*S, I»*IH2 0IE«^^ 0 

[11*112 3 3 K4>I^«7J^^^* J X5Xvc7)^S: 
*U*t*<0fc-HMcSf^l'</l'T*4« n*]f2 0iE$K 

[H*iI2 4 3 Kr^Xvaw^^JWW-iBUr-y 
X*>\ K»l«*l^^J: <9i&^7yX~?W.mjl£ lo 
JiLh^^ram^ U^iTfiTS *6 Xx » . 

SilT^S , a*J!2 OlEtfcO^ffi. 
[IS*IB 2 5 3 1 oUUKOK+ISK* WUCDZiX? 

tieffltjfflgmtm). l-^mmrs, h , is*3S 2 4 1 e 

[11*32 6 3 K^XTrnftttUtftttX?? 
X*»\ I5X7Xvjgm^5rl^l«^U^*^3iM* 
*TfiT$**Xf-.yr**tr. It*J!2 0fE»^ 
ft. 

[fi*ii2 7 3 KT^xvamafcaMw-sK*?- 7 

X*«, -m±omy'a-tZtfXfrt 3 <Jr%< b 
^7D-S-f?ih§itl,Xf yXi: PI«p^fifi?flS, II 
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%M2 otmnifm. 
20 femora. 

[f»*if 2 9 ] -ol;LtcoftTnH;X#x#T h ?x 

imm o ] -^xtomra-txtfxmmtt 

tfxt^%<&tfz£^lz-£A,X'^l. m^29tm<D 

m, 

(a) mfcz^y^mzms.thXTvTb ■, 

(b) f ^xbdri^yt, i^t, ^'J^AtS: 
TvTt ; 

( c ) &m ( R F ) ft-^SI 1 H^K/l^UD* h Z. 
•fSXryXt ; 

( d ) immmm 1 7yX-?m®t&Z I izi. m 

( e > mRFm zmimiiwrnTizmmzz 

T-v7t ; 

R F ft 1 olXto 4>RM7J l^H* T'ffiT § it h x 

jf3ifea^^ffi„ 

[11*113 3] ftRFfl^SMt&Xr-^T^ ft 

B*«3lEllom 
[000 1] 

[0002] 

JBufeiiTH*. T^XvMSfct M!U: , 5£<?tfiJ 

t&s-th. mm. Tyxvmm&fmm: < pe 

C VD ) »i. S^&rn-teXfcsfcgfc Sit&SJgJ; 0 

mm&mmximmximim®® < v l s i x«u 

LSI) f^^XWS(C*PJ-C**. 
[0003] TA'^x«fS^lt«rn-tx^x./^y/ 



mm^WRn. ytw®mm^tzMz. 7>tt 

v^Ht^«t 5 Kmyyxvmmmzx^xi* . 
t*<*>&. Sot, SKctJv^rr^xvsiiafiata 

[0004] 

[»W)«B] *#fl*>Wt0»i, HRWfctt, 7yX 

&t>"§£M£»rSo ryX-?mm-f]<r>yyry^y 
\t. W)Z \r>\:\t(n*m'^)V&Xlim<7)X'fv7 

x\ ximm#x'Tifhc:tiz£ m&Zitzzttf 

[0005] *mmmi. dLmmwtmmm 
mt mzmmti ztizx'o ®mzmMztim . 
[0006] ®mz®mz-r itiMz. Tm&nttzti. 

[0007] 

[«®] ««U:<075X?R»iS«£«^S 

«os**ffffl#r 7X vffimmomb %tzt 

<omz& t>c?>x'h 0 , ryx^mm^izmUiizm 
m Ltzmuzimth zthbh. xmmmtmizx 
nar. ryx^mmm^ ?yx^wmmwk<m 

it, Mia. Tn-txtfxyn-Z&l&ztlzX'iX 

7y xvmmjjmKW±xiimwmm<®timz * 
->xm-?h. 

[ 0 0 0 8 ] h 1 (4. *%pncomw.mzm:A,x'^h7 
yx^m^m^Lx^hru^xwxmx'hh. 
Xr /Tl oicma. mmffTyx^imco^ 

yrtfilzE&ZtlZ. Zf-y 71 03^Z^tlhXo 
(c, ^xya-^f-vy^K<r>iir)tc^<r>7u^.x)-< 
y*-?<n%mt*^ffl l zth-^\$±<mzfe\tXTv 
rZ'ftoZttfXZh. xf7ri0 5l:fc^Tli. 7 
yXvmVHltWz&Urtl ZblzJ:*) 7yX-?tf$L 

mix, mm<7yx-?>m, mta. ««x(ix-yf- 
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[0009] tm^T-yT 1 0 5$, -oJilbOTQ-fe 
XA-5X-^, Mitt* T7X-?mmJjXlt7n-tx/f 

[oo i o] xmmimiz&^xit. imt. ?yx 
r£-#//e^i>. ap*>, fe%cD7a-txxftbtix^z> 
77X-?mij£&fmcDffl%Lt ixi^a±.cr>^m^oi 

tX'i&TZ-tb. XfvTl 0 9^SfL|.J:3t, m 

zx'% < -tzmzm.^: 

[0 0 1 1 ] Xt -771 1 lfcSSitS^HBOjfi^JB 
(4. Witf. TD-fe^X7D-Sr^xa^tfc:J:o-r 
tt-eftfc'lfCfi^ ZbtfX'Z &t>\ fflOTSdtflfcfc wc 

aittT**. xf -yri i lttjv^rti. witr. 

m^mtcSa-t £ Z hifihh-^\±.<n7u*LXfiX 
Z&3tthZt\,z3L*)7u*.X1]X7u-*%/[tZm, 
ZbtfX'Zh. *MfrZtlt><7>2mmmi. EB*K 
XUtfHStaBRLTfr 5 CI . taM xflKSfc** 

■*-*»£tt. r^'fxigw-xttffl^wijjsBattioT 

•yTl 1 SttZti&tHz* 77X-?mmiJt7v-b 

xijxyu- (Wfrt?) <r>%&&&Mk, mib** 
v><\tXV7?*? >lz®Zh. WBtf+* »<frt>m 

[0012] *J6WttJV^^*ftSiifca»tt. 

wtti, m%*?^>v^vy*'ktsn>t<r>77X~?7x3-iz 
xizmmx*. m^^yx^m^x^x^io zt 
tfrrn. mmmiz. mmtcMzmtmimizx^x 

[0013] 

imm @2{i. *mcommm$:fiocr>izmiMt¥ 
mfflfiS;^ (cvd) f-wA*2 1 0tf>BfBM-efcs. 

^Wf-^yA'2 1 OcO-Wi. CENTURA (%§mW) 77 

**>rtbmz) m^t>tt&toa?«x'h r ) . ^•ftn>* 

V7*)U-7'My->?77 7<DAppUe<l Materials, In 

c.x*)\¥v*t>. mmmhmmuzm<^77X-7!>m 

t,Dxz m+*>rtftx"fihtmi>. 

[0014] 7-0*;*.^ ^210(4. m&&fo2 

1 2±(c«tfMi4fflK2 1 6KV^*-;H>'2 1 lrt 



IS7-tf-/H-'2 1 1 £Wtl>. ^7n-3y Yu- 
721 9(4. Jfflttfctt. #X#IIv^*-;l,r-'2 1 1 
%m&7u-txi-\>s<2 1 O^g&STo-fcXtfX 

(Efirli-f ) 4. £K£ftflc2 1 2 

(4. JSfian&Sfu »^fA2 1 3£]RDttlt&*i 
"O**<0T, ffiK$tt#2 1 2bmfc2 1 6 {4. T<0# 

K 2 1 1 £M£ UfcfflafflBiOBKO U 7 

he-*2 1 4T®\mmmmuu. ms&m2 

1 2fcSK2 l 6*««HflflIfc:A4«^t(4tt»i;y^ 

2 1 7X18£tlX^&. 

[0015] W£<P. 7a-bXtfXli, *t££«D¥g 

Mz~®i,zw.#ztiz>, #x(4, KS^>rvx-f^ 

2 3 2fcio , CsK-h2 2 4«:Mo'C»ai3*i. tfXX 
)U-7v hXlii-e y^Eltxa -y V)Vrt)V72 3 0"? 

mmtih. 77x-?\i, mmw. irfix^-j 

RFBS2 2 5*>4>«fiih LTIK#X#Kv:z*-/P 
H 2 1 1 ^&D;i h Z b K «k *) s 1 ®&±V>7u*.XlfX 
X\,±tfxWLttfrh>k&ZiXh. m.2 1 6tf77X-? 

izmmznz b ki>£Bumtfztfmznt:b* izm 
tmtfmzz. gm&m \2b7-^v>mu, m 
mzummztix^z. RFmig2 2 5(4, &\v*2 

1 O^AZh&tfxcDftMZmtf>Z>tzMz<$.~XliM, 
■&ftmtRFii^ZXfXffli-?-*-)l<\*2 1 
U#S. #-Jlii!mRF«^ flj^tf. ^350 KHz- 

^60 mzxm^h^, wmfii* w&b 

Lxm<i}x j m-7~^-)W2\ uztuz_%h. 

[0016] vXrA3^ho-723 4(4, MM. 'J 

xim<ottm?&*v>rt&wx\twm&<ox. 

7 2 3 4(4. »SSHSfi0!IKfcv^(4A- h'r -f x? K? 

-f >^-7x-X#-r-\ ai/^f'/At-^ay 
hn-^.tC- tmi . ^ t 'J 2 3 8 tIBIgSfL 

^^7 i A$iJffl)y7h'>xrS:^fi : t&. %30f/JUi 

v<nm.z&®^tz^m>htzMzm^i\h. *o 

e kd ; 5rCVD7 , D-t^f-^>-yN'0-M4, Wang^^ff 

*^ B J^ISSA-CS>I> Applied Materials, Inc. 
CMfflteflfc fCVD/PECVDIf-vyHiT^^a 

[0017] JJEOC VD^fAli, ±i: LTttW^ 
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fcubx-b*). tfMTyX~?mzizttM<?>TyXvmw:i> 

[00 18] 

(i, mmimnt&mmmnt ixrhy^h*^ 
i/vv (teos) $rfflv^i>. mmmmn. mm. 

i/yy. ^iVtfJi/y-s {*^)Vi/yy. i/^i-Jl^y 
>X.tehO*i-)Ui'7>m) Xterh^f-zi^OT 
hyi/a*-t> ( TMCTS ) WLitmtmofzib 

co, mm^xx. mm. mmmm (n 2 o> , §? 
m (o 2 ) xit*Y> <o 3 ) tcom^coRmzh^xm 

S8Jt<o«/?<ogpg-c^S®. gm/fX(i¥gfr«&£tf 
ff!l<0*ffi<7)ift«t v^fcffccO^cDX^XvXn-fexi;: 

[00 1 9] 03 a-bti s T7XvTEOSJt«Tn 
*x£gft£M£^LTt^#SrEi0X*>l>. «i 

wr. 7yx-?TEostm&. y-htmiuou&jg, 
mizm^wmzi&m-htzMz, j\u yf-vovm 
t»b Lxim®s&w£m%&ffigizm?&z t# 

X'%h. 03ati. *&3 0 0#TEOS££tfXn-fe 
XtfXffimfrh£.foLti?yX'?3 1 OfcfHSSfiT 
v^HTftS. MBOOfi, -JRWfctt* *8tl3HrT 

H3att, tfiW30 4±£»JSS*ifc#tt306. 01 
£ti\ *M5>f T«Sl3 0 2i?WO>* 

IBP 3 0 5 £3fcJ» LX\^hWR3 0 0 £jf:LTU&0T 
$>!.. &Jg<7>ffi£K3 0 6li:, T/US-^A (A 

1 ) Jimcomwc&mi&tsz. t tfx-z . ran 3 0 5 

{iny^^hXfiA^rt'fcoTtct^. TiffiJl3 0 2 
7X-?3 1 Oit. ftSHtctt, ^tcrn-fe^^wa 

fci/cv**. r^xvTEosiMbiiwtattcaLfc^* 



ess »® 

TEOS Ong/nin) 500-4000 1000 

OjitS (seen) 500-6000 1000 

HeftEfi (seem) 600-6000 1000 

E*J (Torr) 3-20 8 

BSL CC) 350-460 400 

RFQ* (W) 400-1500 950 



[0020] miwty*-?zm^mmtmii. 



m*<mmmzfc-?xmmmx'$>z>zkimmzti£ 

0. 

[0021] ro-fex^xis^ti. ftSWfctt* te 

o sxmmmmmm®nz$ts#xmrf(X' 

h 0 . 1 SfeLtO* a- U *#XJU4*Swr.x £##«Ttg 
"C*4. TEOS{iSffiTi8ftT*&S<7)T\ ftS^TUn 

U^A (He) ftUd&^-ry-TOftfc&a&ru Xn 
yAfc*A$ ft*, fltttf. ii$100'C<O&A# 
fflStCfcV^fti. &1000 mg/nincOTEOSgairf-v 
W^rtCHA-fiCfcjW**. HRfc. »50<K*WOO 
0 mg/minOTEOSS*5rfflV^ifc^X#, ffiV«* 

zmtzMzim^&xi&gtf&mx'hh. 

X (He) it. ai^500-»6000 seem, #^L<(i^l 
000 scciTttttSft* . 

[0022] *mmtz&^x. zru±xifxn-&% 
it. mmtmmTEostKjBzit&tiibizm&ii 
iixcoko%w.m®.t!xzmz-&A,x'^h. mm. » 
m^A'xamm (o 2 ) vh^x^xw o,8HKi. 

if^ L<«^1000 sccbX* 0 . ^500~^6000 sccmO 

mmzm^zttfx'zz. mmzum- 

m> Torr. ntKiim TorrX*tr1f$ni.. X7X 
-7 3 1 0(4, imOO-H&lSOO W, *f4 t< &*W50 W)R 
FMj}%. ^XV-7f?-/H«(Ctt35(K|5»45(rC, 

xiB9&WIJ!Miir4 Lv\ 03 b J: 3 1. X 

5X-7TE o s uv-tr^fflv^iss3 o ohizmmm 

3 2Q*imX'%h. 

[0023] ryX-^TE O SJffflKi, f- 
^ yrtcoa yhu-ycox*:V tieiS$^«:Xo-fe^p 

JJLh<0«l8[XT7Xi:, MS. A-^yXXJi^yt 

[00243 *«»0iat«t iiltf . To-bxVv-h- 
WSSlftW^f -y 7'A>'^7 L/C t S» t . RF X5X 

*%ty<?ymm<r>7n*ixmti&A,X'^Z, Ws\Z 

ZTfct^nx-bt. 

1&2] 
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1 


2 








TEOS (og/nin) 


0 


1000 


O2 (seem) 


1OO0 


1000 


He (seem) 


1000 


1000 


&f) (Torr) 




8 


RF«* <W) 


0 


0 



[0025] mmmmvmlz. Ta-txtfxya-b 
^yy?E£f&£U £5£ft$tfl>. mm. Xf7/ 
lTO 2 fcHe^7o-£jm000 sccmT'^-ftL*: 
ft, XT-yT2Z\ mOOO rag/mi nOTEO SjfclSrflD 
^-r^N'E5r*«;8 Torr££5gft$-l£l>. Xf7r3 

Xv£4jft3-£4. *HWcfcV^T(i. ^OO^yX* 

tin*. 

C0026] m-immm^r U: t # , 5 yxx? y 
fx; n ) (±««s^*±^^ t"CS)i>„ mtsMiza \ ^x 

it. RF%ttXT-vrA<r)?yX-?tm)s<)V0)%}l 
/3<D^/K mm. mW&X'Tif. ZCDUZj-r 
yy^cOTEOSSi^f^i-ri.. 0 2 bHetfXyv- 
yAjES: Jf -/ 7°fc {3{?|5| t UKMzmn 

•> XAfij^b-mrTtfoT 0 Z b 
it. frUff, 7 , 5XvjB«w)ftTt:J:0* l 3f*4. :<o 

(2, ^co^yrr^yxx-y 7-5tfDfrtttio#fiiatt6 

[00 27] i^iejmcj^-cta, ^yrxfyxT 

4. mm. +^rf«^^;p 
«j, e-fk^*«tfflv^m^co»i/2, xti 1/2 1 1 
Moratstifrr* 4. yvry^yxTv 

T4>, ffl*^E^#X7n-^TT'r7Xv£ilft 
■t4tf> t-HWV^Hl^KcR F«* *mf-Th Z b 

tf&t u->k&bi\h. mm, OtbtietfiteQi (t 

-fbft«^ttt«fMiax(ir-- y y xts&m&ra 0 . 
mLcn>wmfr*i>tzt,tc\bi) i x'%?>. mz. m<om 
mmxtefsmzyyTrvyxrvriizm^zzb i> 

?*4. fltttf. a*L<=SrV^xyNi«»S» 
»t* 5 fcW"* < * 4 *)KSJ*«T& 4 H 

0. rDt^-r7 hz&m-r&Mzim^tifffln 
Mm&u\ mmzit. m-j&tfmnMw* 

TU*XX)V-7'y hiZM&WZMZZ-fiZ. 75X7 

4. 

[0 0 28] 5 yXXfyXr-yXft, WfflX^&t 
KXCDTa-tX#X7V-ZW±L. RF%-hiXy7 



34 5 

tttt ?y?y<;y Xyftryv 

1000 0 0 

1000 1000 

1000 1000 

8 8 

9S0 300 0 

yvvxrvTsz-vuizTWh. xyyy^y*. x 

yy\cr>xn'y Y)l^)V7Z<kffii\,zl,. ljx-?-*-iV 
YftfMjXyA yt*Xfrk%gyv-tXtfX£]ffiS,t 

4. mz. mmmmnitzmi. mnm&mx 

■t l m iz+v yrtfrbn 0 ta-t. 

[0029] mem&imzts^xit. mwyyr?*7 

yxT>y7*mf&zbiz3; mmummizRFmji 

®yyryvyxT-y7\ mm. ztiztiibm. 70 

0, 600, 500, 400, 300, 200&tA00 VcD4>f§]RFm:tl 
5yX^y*ryXO**V?;h.<7)|Sk 0 2 fcHe^7 

afc/^Htsje-cMiftSfu RF«&u:*4isisiaH 

b®&Hzmz&miyy?yvyxT>yy°X'W±i-h. 
***Hfc*JVvt, ^mfiL<r>yyry*}y xt 

*t\t. m.wMVhhhtiK mm^mm. mm. 
m. i~»3o^, xii*F* l < am. i~*$nmzm^i 

Zbi>X'Zh. 

[0030] -mz. &XT-y7X'm^t>tllyy7y 

=5ro^ja^^-frSr, xmizmmt&coizm^zzb 
i?z*h. mm. mtiuK/utm^xT-yrximm 

«{tfiTS**ifct)-css. mfflmx'Zc^msz&ti 

M<?M*&bltl>'Si&X-bh. RFtyil/\;WiTi { 

-73, RFflWjU^POttWI^^ 

m^smsimx'i>+tt&s&tfg>i. m^com^y 
yryvymmzx-oxte. mmmmt. m.i^-m 
xitmoA-mm^mizh^xt^K mzr 

* comma, zti^^v^—s'^mzmmz^^ 

[0031] ffi^nsfcwcfcvvcti, RFm^j^yxr 

yryvyxTvy^m^mmmmbm**) , 

yrr^y^Wi, 3i»«r9«i«aiaB[KJ±»«»ia. * 
a-txVisVX'<Dmtlft±Xf-y7<7>$m&ftz. BfHtf) 
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[0032] *«BH<oiat0i*fflu'ri!jiLfcT^'f * 
uesnm. LtzrEo smmmimvm*>7x v 

m<m5 vti^i. HKc *ffifm«s«*»w-sfc«> 
[0033] ijeHMiKfcvvai. tfra^yry^y 

*T?7**IIfcRF*:MM:li. TE0S7D-<9ff± 

1 2 



TEOS Gng/aiin) 


0 


1000 


(seem) 


1000 


1000 


He (seem) 


1000 


1000 


H^J (Torr) 




8 


RF®^3 (W) 


0 


0 



[0034] *ti3y7yvy*mmMt. mm. 

>XT-yT<rm. XliaSRRF^yr^yifcCTEO 

[0035] #x7u-w%vmkUzmmm±.n*. 

mmitt. TEOSfr4>£t*)«W*fcfcJ:o"CSW><9 
<S>, TEOS^tT<0O,a^/XliHeXfX7a-*J» 

fc&tfTE O S 7V-*&±ZitZZ b fci 0* 

7 v r y mzTyxim&m® im& 

%<t&ZbWX'Z. miiZZti>TZ2>. ifc. #!£ 
T/WrJV (Ar) . fi» ( N 2 ) . 

art i. twx*4«fipJBii[*(B3ifcS*6 fc<o*;<o«wtt 

ZZbtffttlW 

[0036] *%HJo«^«-iffl^TV^^<oA^» 

aeotwsr^L. t$<£uc#*:#, mmzti^m. 

hZb ftX% h . mitt. I^WD-bXA^^-^t 



X') . La»L«r*<4>. RFm^ihi:TEOSf?jJ:#)l 

ffi-eas. M^ti*. ±ifiRFS^5V7-^y^)i^ii 

tf-tSfft. 0 2 &tf/XteHe#X7o-&tfJE}j£ilf 
ft LoogOfl^MtSHSlXf - 7 Tt*^ <i*>TE0S7 

TEOS7P-(i, RF«^S-itSa^KyHZ«*>0 
0Xr-y7 , 4T'f?ihLT^I.. RF«^Sr7.r-y 

rs-c+m^k mm. &300 wa-catts-iir*. 

AMWWi, TE0S^ihXT'y7tRFm^5y7-^ 
^ tfSISS *rfc*«0r*«»^*#*f * i t fc Itt 

um^x^z. 

[*3] 



3 


4 


5 


6 




TEOS 








*7 






1000 


0 


0 


0 


1000 


1000 


1000 




1000 


1000 


1000 




8 


8 


8 




950 


950 


300 


0 



•fexaix[at'$)i>. 

[H2 3 *^oHSSWS:fif5^('at^a<?)B&0T' 

[03 a] r7Xv»a*gjrcv^»Ks*LTv^ 

[03 B] T5X7fc«£3ttfc»8£jSLTV>*»ft 

10k 103, 105, 1 07, 109, 111, 1 
13-Xf"/7> 2 1 0-CVDf+yA, 2 1 1 
-*-/H«« 2 1 2-a«SJM(t» 2 14- 'J 7 h^- 
^. 2 16-«ttL 2 17-^'jy^, 2 19-^'X 
7D-rjyhD-5, 2 24 -;K-h, 2 3 0-XOy 
h/^N>7, 2 2 5-RFIgjS, 2 34-yXfA3y 
238-;<*ll, 300-a«, 3 0 2-T 
ifiii, 3 04-ffigJf, 3 0 5-HSP, 3 0 6-^m^ 
Btt. 3 10-7-7XV, 3 2 0-iMBWl. 



!(8) 002-1 76047 (P2002-1 7ZI8 



nan 



IM2] 



Hi 



frit*** 




[03A] 



[03B] 



Jii. \^\ v*f£ 



3 



3jl 



T 



7 ^ 'J , # U 7 * /^7« , 

x-jl- 1271 

*7>?, «yx-7xy*7 6703, 
* 4-*yy 6536 



F?-A(##) 4K030 AA06 AA09 AA14 BA44 FA03 
JA11 JA16 LA15 
5F045 AB32 AC09 AC11 AC17 AD08 
AE23 BB16 CB05 EF05 EH14 
EH20 

5F058 BA20 BC02 BF07 BF25 BF29 
BF37 BF39 BF80 BJ02 



!(9) 002-176047 (P2002-1 7ZI8 
1 Tit It of IoTeoticn 

METHOD OF REDUCING PLASMA- INDUCED DAMAGE 

2 Claims 

1. A method of plasma processing, comprising the steps of: 

(a) positioning a substrate in a chamber; 

(b) flowing one or more process gases into the chamber; 

(c) igniting a plasma from the one or more process 
gases by applying a plasma source power at a first power 
level ; 

(d) depositing a material layer on the substrate; and 

(e) ramping down the plasma source power below the 
first power level. 

2. The method of claim 1, further comprising the step of: 

(f) reducing the plasma source power to zero. 

3. The method of claim 1, wherein the plasma source power 
is maintained in step (e) at an intermediate power level for 
a time interval. 

4. The method of claim 3, wherein the intermediate power 
level is equal to about one half of the first power level. 

5. The method of claim 3, wherein the intermediate power 
level is between about one half and about one quarter of the 
first power level. 

6. The method of claim 3, wherein the intermediate power 
level is sufficiently high to maintain plasma ignition. 

7. The method of claim 1, wherein the ramping down of the 
plasma source power comprises reducing the plasma source 
power to one or more intermediate power levels, and each of 
the one or more intermediate power levels is maintained for 
a time interval. 

8. The method of claim 7, wherein the time interval for 
each of the one or more intermediate power levels is between 
about 0.1 to about 30 seconds. 
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9. The method of claim 1, wherein the ranging down of the 
plasma source power comprises decreasing the plasma source 
power from the first power level in a continuous manner. 

10. The method of claim 1, wherein the ramping down of the 
plasma source power is performed concurrently with 
terminating at least one gas flow from the one or more 
process gas. 

11. The method of claim 10, wherein the at least one gas 
flow comprises a precursor gas for the deposited material. 

12. The method of claim 11, wherein the deposited material 
is oxide. 

13. The method of claim 12, wherein the precursor gas is 
selected from the group of tetraethoxy-silane and 
tetramethyl cyclotetra-siloxane. 

14. The method claim 13, wherein the one or more process 
gas further comprises oxygen and an inert gas. 

15. The method of claim 1, wherein the ramping down of the 
plasma source power is performed sequentially with 
terminating at least one gas flow from the one or more 
process gas. 

16. The method of claim 15, wherein the at least one gas 
flow comprises a precursor gas for the deposited material. 

17. The method of claim 16, wherein the .deposited material 
is oxide. 

18. The method of claim 17, wherein the precursor gas is 
selected from the group Of tetraethoxy-silane and 
tetramethyl cyclotetra-siloxane. 
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19. Tho method claim 18, wherein the one or more process 
gas further comprises oxygen and an inert gas. 

20. A method of oxide deposition, comprising the steps of: 

(a) positioning a substrate in a chamber; 

(b) providing one or more process gas in the chamber; 

(c) forming a plasma from the one or more process gas 
by applying a plasma source power at a first power level; 

(d) depositing an oxide layer on the substrate by 
exposing the substrate to the plasma? 

(e) ramping down the plasma source power below the 
first power level; and 

(f) reducing the plasma source power to zero. 

21. The method of claim 20, wherein the plasma source povjer 
is maintained in step (e) at an intermediate power level for 
a time interval between about 0.1 to about 30 seconds. 

22. The method of claim 20, wherein the intermediate power 
level is less than or equal to about one half of the first 
power level. 

23. The method of claim 20, wherein the intermediate power 
level is sufficiently high to maintain plasma ignition. 

24. The method of claim 20, wherein the ramping down of the 
plasma source power comprises reducing the plasma source 
power below the first power level to one or more 
intermediate power levels; and each of the one or more 
intermediate power levels is maintained for a time interval. 

25. The method of claim 24, wherein the time interval for 
each of the one or more intermediate power levels is between 
about 0.1 to about 30 seconds. 

26. The method of claim 20, wherein the ramping down of the 
plasma source power comprises decreasing the plasma source 
power from the first power level in a continuous manner. 
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21. The method of claim 20, wherein the ramping down of the 
plasma source power is performed concurrently with 
terminating at least one gas fLow from the one or more 
process gas. 

28. The method of claim 20, wherein the ramping down of the 
plasma source power is performed sequentially with 
terminating at least one gas flow from the one or more 
process gas. 

29. The method of claim 20, wherein the one or more process 
gas comprises a gas selected from the group of tetraethoxy- 
silane and tetramechyl cyclotetra-siloxane . 

30. The method of claim 29, wherein the one or more process 
gas further comprises an oxygen-containing gas and an inert 
gas . 

31. A method of oxide deposition, comprising the steps of: 
<s) positioning a substrate in a chamber; 

(b) flowing a process gas mixture comprising 
tetraethoxy-silane, oxygen and helium, to the chamber; 

(c) forming a first plasma from the process gas mixture 
by applying a radio -frequency (RF) signal at a first power 
level; 

(d) depositing an oxide layer on the substrate by 
exposing the substrate to the first plasma; 

(e) ramping down the RF signal below the first power 
level ; and 

(f) reducing the RF signal to zero. 

32. The method of claim"3l, wherein the ramping down of the 
RF signal comprises reducing the RF signal to one or more 
intermediate power levels, and wherein each of the one or 
more intermediate power levels is maintained for a time 
interval between about 0.1 and about 30 seconds. 

33. The method of claim 31, wherein the ramping down of the 
RF signal comprises reducing the RF signal in a continuous 
manner. 
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BACKGROUND OF THE DISCLOSURE 

1. Field of the Invention 

The invention relates to a method and apparatus of 
reducing plasma- induced damage in a substrate. 

2. Background of the Invention 

In the manufacture of integrated circuits, plasma 
processes are often used for deposition or etching of 
various material layers. Plasma processing offers many 
advantages over thermal processing. For example, plasma 
enhanced chemical vapor deposition (PECVD) allows deposition 
to be achieved at a lower temperature than that required in 
an analogous thermal process, this is advantageous for 
processes with stringent thermal budget demands, e.g., in 
very large scale or ultra-large scale integrated circuit 
(VLSI or ULSD device fabrication, 

It has been known in the art that device damage may 
occur as a result of plasma processing, including deposition 
and etch processes. Typically, the susceptibility or degree 
of device damage depends on the stage of device fabrication 
and the specific device design. For example, a substrate 
with a relatively large antenna ratio (e.gr. , area of metal 
interconnect to area of gate) is more susceptible to gate 
oxide damage compared to one with a smaller antenna ratio, 
because of an increased charging effect. A substrate that 
has an insulating layer deposited thereon is also more 
susceptible to damage due to the accumulation of surface 
charges, and a buildup of potential gradients. Other plasma 
related effects, such as plasma non- uniformity, may give 
rise to electric field gradients that lead to device damage. 
Therefore, there is an ongoing need for methods and 
apparatus to reduce plasma- induced damage in a substrate. 

SUMMARY OF THE INVENTION 

Embodiments of the invention generally provide a method 
and apparatus for reducing plasma- induced damage by 
implementing a post-deposi.tion ramp down of a plasma source 
power used for plasma generation. The ramp down ot the 
plasma source power may be achieved by reducing the power to 
one or more intermediate levels in multiple steps, or in a 
continuous manner. 
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DETAILED DESCRIPTION 
Overview 

The invention provides a method of plasma processing 
that reduces plasma- induced damage on a substrate. In 
general, one or more different effects may contribute to 
plasma-induced damage. For example, device damage may occur 
due to a large electrical field gradient arising from sudden 
or abrupt changes in plasma source power, or may result from 
charges that have accumulated on the substrate during plasma 
processing. According to embodiments of the invention, 
plasma- induced damage is reduced by different combinations 
of post -deposition steps that provide a gradual change in 
the substrate's environment after plasma processing - e.g., 
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by a gradual termination of plasma source power or a gradual 
dissipation of surface charges through changing the process 
gas flows. 

FIG. 1 is a process flow diagram illustrating a method 
of plasma processing incorporating embodiments of the 
invention. In step 101, a substrate is positioned in a 
chamber for plasma processing. One or more stabilization 
steps may be performed, as shown in step 103, to allow for 
stabilization of various process parameters such as gas flow 
and chamber pressure. Tn step 105, a plasma is generated by 
supplying a plasma source power to an electrode, and the 
substrate is subjected to plasma processing, e.g., 
deposition or etching. 

After the deposition 3tep 105, one or more of the 
process parameters, e.g., plasma source power or a process 
gas flow, is terminated in a manner that results in a 
relatively gradual change in the environment of the 
substrate, as illustrated in step 107. 

In one aspect of the invention, a method comprises 
ramping down a plasma power after the completion of a plasma 
process. That is, the plasma power is reduced to one or 
more intermediate levels as a function of time, as opposed 
to a sudden and complete power termination as practiced in 
conventional processes. As shown in step 109, the power 
ramp down procedure may be implemented in discrete steps, 
i.e., with the plasma power set at several intermediate 
levels for certain time durations, or in a continuous manner 
as a function of time. The power ramp down provides a 
gradual change in the plasma environment around the 
substrate, which helps minimize substrate damage due to 
plasma-induced effects. 

In another aspect of the invention, shown in step 111, 
electrical charges that may have accumulated on the 
substrate surface are also allowed to gradually dissipate, 
e.g., by changing the process gas flows. Thus, although 
step 109 may be performed by itself, it may also be 
performed, in other embodiments, in conjunction with step 
111, either sequentially or simultaneously with, each other. 



(t6))02-176047 (P2002-1 7ZI8 



In step 111, for example, the process gas flows may be 
changed by terminating one or more process gases that may 
contribute to charge buildup. These two aspects of the 
invention may be implemented either concurrently or 
sequentially with each other, and specific parameter 
selections may vary according to the susceptibility to 
device damage, device designs or the specific stage of 
fabrication. Finally, as shown in step 113, after the 
complete termination of the plasma source power and process 
gas flows (not shown in figure) , the substrate and the 
chamber are subjected to a pump down, and the substrate is 
removed from the chamber. 

The concepts embodied in this invention are generally 
applicable to various plasma processes, including deposition 
and etching, and may be practiced in a variety of plasma 
processing systems. Embodiments are described below in 
reference to oxide deposition for illustrative purposes. 

Apparatus 

FIG. 2 is a cross-sectional schematic view of a 
chemical vapor deposition (CVD) chamber 210 that is suitable 
for practicing embodiments of the invention. One example of 
such a chamber 210 is a DxZ™ chamber used with a CENTURA 0 
platform or in a PRODUCER™ system (with dual chambers) , both 
of which are available from Applied Materials, Inc., of 
Santa Clara, California. Both film deposition and plasma 
treatment of deposited films can be performed in a DxZ CVD 
chamber. 

The process chamber 210 contains a gas distribution 
manifold 211, typically referred to as a " shower head" , for 
dispersing process gases through perforated holes (not 
shown) in the manifold 211 to a substrate 216 that rests on 
a substrate support 212. Gas flow controllers 219 are 
typically used to control and regulate, the flow rates of 
different process gases into the process chamber 210 through 
the gas distribution manifold 211. Other flow control 
components may include a liquid flow injection valve and 
liquid flow controller (not shown) if liquid precursors are 
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used. The substrate support 212 is resistively heated and 
is mounted on a support stem 213, so that the substrate 
support 212 and the substrate 216 can be controllably moved 
by a lift motor 214 between a lower loading /off- loading 
position and an upper processing position adjacent to the 
gas distribution manifold 211. When the substrate support 
212 and the substrate 216 are in the processing position, 
they are surrounded by an insulator ring 217. 

During processing, process gases are uniformly 
distributed radially across the substrate surface. The 
gases are exhausted through a port 224 by a vacuum pump 
system 232, with the gas throughput or chamber pressure 
being regulated by a throttle valve 230. A plasma is formed 
from one or more process gas or a gas mixture by applying 
radio- frequency (RF) energy from a RF power supply 225 to 
the gas distribution manifold 211, which acts as an 
electrode. Film deposition takes place when the substrate 
216 is exposed to the plasma and the reactive gases provided 
therein. The substrate support 212 and chamber walls are 
typically grounded. The RF power supply 225 can supply 
either a single or mixed- frequency RF signal to the gas 
distribution manifold 211 to enhance the decomposition of 
any gases introduced into the chamber 210. When a single 
frequency RF signal is used, e.g., between about 350 kHz and 
about 60 MHz , a power between about 1 and about 200 W can be 
applied to the gas distribution manifold 211, which acts as 
an electrode. 

A system controller 234 controls the functions of 
various components such as the power supplies, lift motors, 
flow controllers for gas injection, vacuum pump, and other 
associated chamber and/ or processing functions. The system 
controller 234 executes system control software stored in a 
memory 238, which in the preferred embodiment is a hard disk 
drive, and can include analog and digital input /output 
boards, interface boards, and stepper motor controller 
boards. Optical and/or magnetic sensors are generally used 
to move and determine the position of movable mechanical 
assemblies. An example of such a CVD process chamber is 
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described in U.S. Patent 5,000.113. entitled w Thermal 
CVD/PECVD Reactor and Use for Thermal Chemical Vapor 
Deposition of Silicon Dioxide and In-situ Multi-step 
Planarized Process," issued to Wang et al . and assigned to 
Applied Materials, Inc., the assignee of the present 
invention. This patent is incorporated herein by reference. 

The above CVD system description is mainly for 
illustrative purposes, and other plasma equipment, including 
other plasma sources, may also be employed for practicing 
embodiments of the invention. 

Process 

For illustrative purposes, embodiments of the invention 
will be discussed with respect to a plasma oxide deposition 
process. In one embodiment, tetraethoxy-silane (TEOS) is 
used as a precursor for oxide deposition. Other precursors, 
e.g., silane, organasilanes {methyl, dimethyl or trimethyl 
si lanes and so on) and tetramethyl cyclotetra-siloxane 
(TMCTS) , may also be used in various reactions with an 
oxygen- containing gas, e.g. , nitrous oxide (N 2 0) , oxygen (0 2 ) 
or ozone (0 3 | , for oxide deposition. It is further 
understood that the invention is generally applicable to 
many other plasma processes, such as deposition of other 
materials, including insulating, conductive or 
semiconducting layers, during various stages of device 
fabrication. 

FIGS. 3a-b illustrate partial sectional views of a 
substrate undergoing a plasma TEOS deposition process. For 
example, the plasma TEOS deposition may be used in different 
stages of integrated circuit fabrication, e.g., for forming 
a dielectric layer between gate and a first level metal, or 
as an interlevel dielectric, fig. 3a shows a substrate 300 
being exposed to a plasma 310 generated from a process gas 
composition comprising TEOS. The substrate 300 generally 
comprises one of more material layers (including conductive, 
insulating or semiconducting materials) formed during the 
fabrication of an integrated circuit device. For example, 
FIG. 3a shows the substrate 300 comprising a feature 306, 
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e.g., a metal line, that lias been formed over an insulating 
layer 304 and filling an opening 305 that extends to an 
underlying layer 302. The metal feature 306 may, for 
example, comprise aluminum (Al) or other suitable metals, 
while the opening 305 may be a contact or via. The 
underlying layer 302 typically co!mprises a conductive or 
semiconductive material, e.g., various metals or silicon, or 
compounds thereof. The plasma 310 is typically 
characterized by various process parameters, such as flow 
rates of the process gases, RF power supplied to the 
electrode, temperature of the substrate, and pressure in the 
chamber, among others. Some exemplary process parameters 
suitable for plasma TEOS oxide deposition is given in Table 
1. 





Table 1 






Range 


Preferred 


TEOS flow rate (mg/min) 


500-4000 


1000 


0 2 flow rate (seem) 


500-6000 


1000 


He flow rate (seem) 


500-6000 


1000 


Pressure (Torr) 


3-20 


8 


Temperature (°C) 


350-450 


400 


RF power (W) 


400-1500 


950 



Oxide deposition using the parameters of Table 1 can be 
performed in a DxZ chamber, such as that illustrated in 
FIG. 2, or other appropriate deposition chambers. It is 
understood that the specific parameters disclosed herein are 
primarily for illustrative purposes, and other preferred 
operating parameters and/or ranges may be adjusted according 
to different chamber configurations and processing 
retirements . 

The process gas composition is typically a gas mixture 
comprising TEOS or other suitable oxide precursor! and may 
contain one or more carrier or dilutant gases. Since TEOS 
is a liquid at room temperature, a liquid injection valve, 
which is heated to some elevated temperature, is used to 
introduce TEOS vapor into the gas manifold. The TEOS vapor 
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is then mixed with a carrier gas, such as helium (He), and 
introduced to the process chamber. For example, with the 
injection valve temperature at about 10D°C, a TEOS flow rate 
of about 1000 mg/min. may be introduced into the chamber. 
In general, a TEOS flow rate between about 500 and about 
4000 mg/min. may be used, with a higher injection 
temperature required to attain a higher flow rate. The 
carrier gas (He) is provided ai a flow rate becween about 
500 and about 6000 seem, preferably about 1000 seem. 

In this embodiment, the process gas mixture further 
comprises a reactant gas, such as an oxygen-containing gas, 
to react with TEOS for oxide deposition. For example, the 
oxygen- containing gas may be oxygen (Oj) . The 0 2 flow rate 
is preferably about 1000 seem, but a range between about 500 
and about 6000 seem may also be used. Typically, a total 
pressure is maintained between about 3 and about 20 Torr, 
preferably at about 8 Torr. The plasma 310 is generated by 
applying a RF power between about 400 and about 1500 W, 
preferably about 950 W, to the gas manifold, at a heater 
temperature between about 350 and about 450°C, e.g., about 
400°C. In general, a lower process temperature is usually 
preferred due to thermal constraint considerations. Using 
the plasma TEOS recipe, an oxide layer 320 can be deposited 
on the substrate 300, as shown in FIG. 3b. 

The plasma TEOS deposition is typically implemented by 
executing a process recipe that has been stored in the 
memory of the controller of the chamber. A process recipe 
usually comprises a multi-step sequence, which may include 
pre-deposition steps used for stabilization of various 
process parameters, one or more deposition steps, and post- 
deposition steps for film treatment, purging or pumping, 
among others . 

According to embodiments of the invention, upon the 
completion of the oxide deposition step in the process 
recipe, the RF plasma power is ramped down in a gradual 
manner, as opposed to a sudden termination of RF power that 
is usually practiced in conventional processes. Table 2 
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illustrates a recipe comprising a process sequence according 
to one embodiment of the invention. 



Table 2 

1 2 3 4 5 

STAB STAB DEP RAMP DOWN PUMP 



TEOS (mg/min.) 


0 


1000 


1000 


0 


0 


0 2 (seem) 


1000 


1000 


1000 


1000 




He (seem) 


1000 


1000 


1000 


1000 




Pressure (Torr) 




8 


8 


8 




rf power (W) 


0 


0 


950 


300 


0 



Prior to oxide deposition, process gas flows and 
chamber pressure are established" and allowed to stabilize. 
For example, after 0 2 and He gas flows are stabilized at 
about 1000 seem during a first step, a TEOS flow of about 
1000 mg/min. is added and the chamber pressure is stabilized 
at about 8 Torr in a second step. In step 3, a plasma is 
generated from the process gas mixture at a RF power of 
about 950 W. In this example, an oxide layer can be 
deposited on the substrate at a rate of greater than about 
7500 A/minute. 

When oxide deposition is complete, the RF power is 
reduced in ramp down step 4, with the substrate {e.g., 
wafer) remaining on the substrate support. In one 
embodiment, the RF power is reduced to a level of about one 
third of the plasma deposition level in step 4, e.g., about 
300W, during which the TEOS flow into the chamber is also 
terminated. The 0 2 and He gas flows and the chamber pressure 
are maintained at about the same level as in the deposition 
step. The heater temperature is also maintained at about 
400*C throughout the process recipe, but it is possible that 
the wafer temperature may experience a slight decrease, 
e.g. , due to reduced plasma heating. Under this condition, 
the RF power is sufficient to sustain a weak plasma. In one 
embodiment, the RF power ramp down step lasts for about 
10 seconds before a subsequent pump down step 5. 

Depending on the specific application, the time 
duration and the intermediate RF power level of the ramp 
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down step may be adjusted, as appropriate. For example, the 
intermediate RF power level may be maintained at about half, 
or between one half and one quarter, of the power used for 
oxide deposition. It is believed that, during the ramp down 
step, it may be desirable to maintain the RF power at an 
intermediate level sufficiently high co sustain a plasma 
under the specific pressure and gas flow conditions. For 
example, a plasma formed from the mixture of 0 2 and He 
(without TEOS flow) may provide effective post -deposit ion 
treatment or annealing of the oxide layer, resulting in 
defect reduction in the substrate. Furthermore, other time 
durations or intervals may be used for the ramp down step, 
e.g\ , a shorter time may be desirable for improving process 
throughput, as long as the duration is effective in avoiding 
or minimizing undesirable wafer damage. Typically, a time 
duration between about 5 and about 3 0 seconds is sufficient 
to provide a substrate that is relatively free from plasma- 
induced damage, without adversely impacting on process 
throughput . 

After the ramp down step, all remaining process gas 
flows are terminated and the RF power is reduced to zero in 
the pump down step 5. During the pump down, a throttle 
valve to the pump is fully open, and residual process gases 
are pumped out from all the gas lines within the gas 
manifold. Subsequently, the substrate with the deposited 
oxide layer is removed from the chamber, prior to the 
introduction of another substrate. 

in another embodiment, the RF power is terminated after 
oxide deposition by providing multiple ramp down steps, 
during which the RF power is reduced successively to various 
intermediate levels. In one example, the RF power 
termination may be achieved via eight successive ramp down 
steps, e.g. , with intermediate RF power levels at about 800, 
700, 600, 500, 400, 300, 200 and 100- V, respectively. 
During each of these discrete ramp down steps, the 0 2 and He 
gas flows, along with the chamber pressure and heater 
temperature, are maintained at substantially the same 
settings as in the deposition step and the RF power is 
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maintained at each intermediate level for a certain time 
interval or duration. Similar to the recipe of Table 2, the 
TEOS flow is terminated in the first ramp down step, 
concurrent with the initiation of the power romp down. In 
this embodiment, each of the discrete ramp down steps lasts 
for about 0,5 second, although other time intervals, e.g. , 
between about 0.1 and about 30 seconds, or more preferably, 
between about 0.1 and about 10 seconds, may also be used. 

In general, different combinations of the number of 
ramp down steps, time intervals and intermediate power 
levels used in each step may be used in practicing the 
invention. For example, the power level may be decreased in 
approximately equal intervals in successive steps, or may be 
decreased by approximately 50% in each successive step; and 
other combinations, including unequal time intervals, are 
also possible. For larger RF power level decrements, a 
longer time interval for each step may be preferable, while 
for smaller RF power decrements, a shorter time interval may 
be sufficient. Depending on the specific power ramp down 
sequence, the time intervals may range from about 0.1 to 
about 30 seconds, or from about 0.1 to about 10 seconds. 
Various factors such as the susceptibility of device damage 
and process throughput, among others, are relevant 
considerations in the selection of these parameters. 

In yet another embodiment, the RF power ramp down 
procedure may be implemented in a continuous manner. Unlike 
previous embodiments using discrete ramp down steps, a 
continuous ramp down procedure involves reducing the RF 
power from an operating power level to zero without 
maintaining the power at an intermediate level for any 
appreciable time interval or duration. For example, the 
software routine may be pre-programmed such that, upon the 
execution of a power termination step in the process recipe, 
the RF power is decreased to zero within a desired time 
duration, e.g., between about 5 and about 30 seconds, or 
between about 5 and about 10 seconds, at a constant ramp 
down rate. 
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Devices fabricated using embodiments of the invention 
show considerable improvement in reduced surface charge 
compared to those processed using conventional recipes. For 
example, wafers having about 10 00 A of TEOS oxide layer 
deposited over silicon are measured for surface charge 
distribution. Wafers processed using conventional recipes 
show a minimum surface potential of about +0.1 V and a 
maximum of about +35 V, resulting in about 35 V in potential 
difference in the wafer. In general, a potential of less 
than about 2 V is desired, in order to avoid charge- induced 
damage. Wafers processed according to embodiments of the 
invention exhibit considerable improvement in the surface 
potential, e.g., a minimum potential of about -6 V and a 
maximum of about 2 V, resulting in a potential difference of 
about 8 V. 

In the embodiments described above, RF power 
termination via an intermediate ramp down step is performed 
concurrently with {e.g., within the same recipe step) the 
termination of TEOS flow. However, other variations 
incorporating different combinations or sequences of RF 
power termination and TEOS termination procedures are also 
possible. For example, substrate damage may be reduced by 
terminating at least the TEOS flow in a separate post- 
deposition step, while maintaining the 0 2 and/or He gas flows 
and pressure, prior to implementing the RF power ramp down 
procedures previously described. An example of such a 
termination sequence is illustrated in Table 3, in which the 
TEOS flow is terminated in step 4, while keeping the RF 
power at the deposition power level. The RF power is then 
ramped down in step 5 to an intermediate level, e.g., about 
300 W. Typically, the time durations of the TEOS 
termination and RF° power ramp down steps may be about the 
same as or less than that used in the ramp down step of 
Table 2. Again, the selection of time durations is often 
based on considerations of effective damage reduction 
without significant compromise in process throughput. 
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Table 3 





1 


2 


3 


4 


5 


6 




STAB 


STAB 


DEP 


TEOS 


RAMP 






PUMP 






OFF 


DOWN 




TEOS (mg/min. ) 


0 


1000 


1000 


0 


0 


0 


0 2 (seem) 


1000 


1000 


1000 


1000 


1000 




He ( accm) 


1000 


1000 


1000 


1000 


1000 




Pressure (Torr) 




8 


8 


8 


8 




RF power (W) 


0 


0 


950 


950 


300 


0 



It is also possible that the TEOS termination step be 
performed after the initiation of the power ramp down 
procedure - e.g., between two power ramp down steps within a 
multiple ramp down step sequence, or during continuous RF 
ramp down. 

It is believed that the 0 3 and/or He gas flows, in the 
absence of TEOS, may be effective in minimizing substrate 
damage because the gas Elow treatment allows a gradual 
dissipation of surface charges, which tend to be enhanced by 
the presence of hydrogen on the deposited oxide layer (e.g., 
arising from TEOS) . Thus, by providing the treatment with 0 2 
and/ or He and terminating the TEOS flow, along with power 
ramp down, plasma -induced damage can be minimized or 
avoided. It is also possible that a different gas 
composition, e.g., argon (Ar) , nitrogen (N 2 ), 0 2 , He and 
different combinations thereof, or one that helps remove 
hydrogen or otherwise facilitates charge dissipation, be 
used in this post-deposition treatment. However, it is 
generally preferred to maintain the treatment gas 
composition as similar to that in the deposition step. 

Although several preferred embodiments which 
incorporate the teachings of the present invention have been 
shown and described in detail, those skilled in the art can 
readily devise many other varied embodiments that still 
incorporate these teachings. For example, it is understood 
that the specific process parameters and chambers cited 
herein are meant for illustrative purposes. As such, the 
intermediate power levels and time intervals used for the 
plasma power ramp down procedure, as well as other process 

parameters, may be adjusted according to specific 
application needs and/or chamber configurations. 
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The teachings of the present invention can be readily 
understood by considering the following detailed description 
in conjunction with the accompanying drawings, in which: 

FIG. 1 is a process flow diagram illustrating a method 
incorporating embodiments of the invention; 

FIG. 2 is a schematic representation of an apparatus 
that is suitable for practicing embodiments of the 
invention; and 

FIGS. 3a-b illustrate schematic partial sectional views 
of a substrate undergoing plasma processing. 

To facilitate understanding, identical reference 
numerals have been used, where possible/ to designate 
identical elements that are common to the figures. 
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Provide substrate 
in chamber 
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process 
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Supply source power to 
generate plasma, and 
expose substrate to 
plasma for processing 



r 



Terminate one or more process 
parameters to .provide gradual 
change in the environment of 
substrate 



/o7 



hi 



Ramp down plasma 
source power to one 
or more intermediate 
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Terminate at least 
one process gas 
flow 
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gas flows, and remove _ 
substrate from chamber 
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1 Abstract 

A method of reducing plasma- induced damage in a 
substrate, comprising providing a post -deposition ramp down 
of a plasma source power used in generating a plasma for 
substrate processing. 




2 Scprcscotil iie Drawing 



Fig. 2 



